lipide moieties. Such preparations, now commonly designated as "lipopolysaccharides," are referred to here more simply as "polysaccharides," thus avoiding any implieation as to the necessity of lipide for conferring or retaining these biological activities.
Although each of these reactions has been intensively studied in experimental animals and in man, for the most part they were studied as separate phenomena. In earlier years, killed bacteria, their extracts, or crude culture filtrates were used; later, more refined fractions and, still more recently, the more highly purified characteristic polysaccharides were employed. Gramnegative organisms have been thought to be the only source in nature of substances with this combination of properties and, indeed, this view still prevails; so far as we are aware, materials capable of evoking this spectrum of reactions have not as yet been recognized in other natural sources. (However, see footnote 1.) However, isolated observations have been reported, over the years, in which products obtained from animal tissues were found to elicit one or another of these responses. In retrospect it is now apparent that these unrelated findings gave hint that systematic examination of appropriate materials isolated from host tissues might prove rewarding.
The course of malignant tumors has sometimes been influenced favorably in patients following infection or administration of bacterial products; during the past century observations of this kind have appeared in the literature from time to time. s Eventually, polysaccharides isolated from Gram-negative bacteria were found to affect, in a similar way certain types of tumors in animals (9) (10) (11) and in patients (8, 12) . They were also pyrogenic and possessed preparatory and provocative potency in the local Shwartzman reaction. In the eUcitation of the tumor-damaging effect, the chief difference between normal rabbit skin and tumors was that malignant tissue responded to a parenteral dose without the necessity of a local preparatory injection. It was therefore postulated by one of us (MJS) that tumors possibly might already be "prepared" in consequence of their containing a component analogous to the polysaccharides of Gram-negative bacteria.
This concept led to the fraetionation of tumor tissue in a search for a polysaccharide component with properties similar to those found in bacteria. With procedures such as had been employed in the isolation of tumor-necrotizing bacterial polysaccharides, a fraction was obtained which had the tumor-necrotizing and other properties of the bacterial preparations, for example pyrogenicity and Shwartzman activity (13, 14) . Tissues from normal animal and plant sources (15) were next investigated in the same way; in some instances the isolated polysaccharides also possessed these biological activities.
In the present study ten polysaccharides of plant and animal origin were selected for a systematic investigation of their biological properties. They
The literature has been summarized by Nants, Fowler, and Bogatko (6) and in previous papers by one of us (7, 8) .
were compared with typical endotoxic polysaccharides from two species of Gram-negative bacteria for their capacity to elicit the spectrum of biological reactions characteristic of the latter. The present communication describes these comparisons and shows that the host responses considered uniquely associated with the "lipopolysaccharides" (endotoxins) of Gram-negative bacteria are also elicited by complex polysaccharides derived from animal and plant-tissues.
Materials and Methods
Sources of Polysaccharides (13, 14) .--Fresh organs (kidney, liver, lung, and stomach) were excised from adult mice of the C strain. Abdominal skin was taken from young adult New Zealand white rabbits. Eggs of the white Leghorn variety were incubated for 11 days; the skin was then dissected from the embryos. Sarcoma 37 was obtained from CAFI mice in which the tumor had been implanted a week previously; the 241-6 tumor (an adenocarcinoma) had been implanted in C57 black mice 2 weeks earlier. The powdered root of the plant Bryonia (obtained from S. B. Penick and Co., New York, New York) and ripe tangerines were the starting materials for the plant polysaccharides. The handling of the cultures and the isolation of the bacterial polysaccharides from Serratia marcescens and Salmonella lyphosa have been reported previously (16, 17) .
General Mahod of Preparation.--Details of the preparation of polysaccharide complexes from various mammalian and plant sources will be reported elsewhere (18) . The general procedure employed with animal tissues may be summarized as follows: Promptly upon excision, the fragmented tissues were immersed in a solution containing 1.6 per cent trichloracetic acid and 5 per cent phenol. The final products were derived from the source materials by a method analogous to that employed previously for obtaining polysaccharide complexes from bacterial cells (19) : after extraction and centrifugation, the trichloracetic acidphenol extracts were precipitated with alcohol in the presence of sodium chloride; with the exception of the preparation from rabbit skin, the alcohol precipitates were digested with trypsin and dialyzed; the polysaccharide fractions were then reprecipitated with alcohol, diaJyzed again, and dried from the frozen state. The plant materials were treated in the same way except that treatment with trypsin was usually omitted.
Chemical Properties.--Data on the physical and chemical properties of these and other polysaccharides, prepared in the same way, will be reported separately (20) . The analytical data on nitrogen and phosphorus content, together with the infrared spectra and, after acid hydrolysis, the percentage of reducing sugars and the identification of sugar components with paper chromatography, served to show that they all contained substantial quantities of polysaccharide. The chemical evidence revealed that the preparations from different sources varied in composition from appreciable nitrogen and phosphorus content to little, or none, of components other than sugar residues.
General Considerations.---Of the m a n y known effects attributed to bacterial endotoxins, a number were selected for study either because acceptable methods of measurement were available, or because of their general interest, or because of their special significance in the light of recent developments. Since most of these reactions have been described previously by others they are not repeated here. However, the procedures employed are given in some detail, with emphasis on those features which are considered particularly important.
Qualitatively, most of these procedures evoke striking effects. However, in the way they are customarily performed, they have limitations as quantitative assay techniques and it was therefore sought to increase their usefulness for measurement of potency. Pertinent elements of control are stated in a procedure section immediately preceding the results obtained for each phenomenon. Despite special attention to quantitation, it is emphasized that reliance is placed on the relative potencies, or comparative activities, as obtained in the same set of experiments, rather than on absolute values from experiments done at different times.
In preliminary tests of a qualitative nature, the products were examined for activity in evoking each type of reaction. Bioassays were then performed to obtain the dose-response data given in the tables.
The number and varied origin of host polysaccharides isolated in this Laboratory precluded examining all d them. The animal and plant polysaccharide preparations had been assayed first for tumor-damaging potency and then, in some instances, for pyrogenic and Schwartzman activity (13) (14) (15) ; the details will be described separately (21) . In addition, many of them were examined (22) for induction of non-specific increase in resistance to infection.
For systematic study, i0 were next selected, from about I00 specimens, as representative of: animal and plant sources; normal and neoplastic mammalian tissues; and activity and inactivity as regards tumor-necrotizing potency. The availability of a supply large enough to be adequate for this and interrelated investigations was, of course, an additional consideration. The following tabulation fists the materials selected:
Host Polysacckarlde Preparations Selected

Source
Tumor-necrofizing potency fMouse kidney "I'-] " liver -{-,. For comparison, endotoxic polysaccharides from 2 Gram-negative bacteria (Serf. marceaco~s and S. typkosa) were included inasmuch as the phenomena under study had, in the past, been investigated mainly with materials of bacterial origin.
In this investigation the major emphasis was placed on polysaccharides of mammalian origin. Accordingly, most of the specimens selected were of this type. From among the plant polysaccharides which paralleled, in exploratory work, the animal polysaccharides in their properties, one active and one inactive preparation were also included. As will be seen, the findings with polysaceharides from animal, plant, and bacterial sources were analogous in the case of preparations which possessed tumor-damaging potency.
The terms designating the polysaccharides of nonbacterial origin are intentionally varied to avoid repetitiousness; hence the words "host," "tissue," and "endogenous," in referring to those polysaeeharides, are to be understood as synonymous. For convenient brevity the preparations possessing tumor-damaging potency are designated as "active" products.
RESULTS
Pyrogcn@ity.--New Zealand white does, weighing about 2 kg, were all from a single supplier. No rabbit was used for more than a single test. Thermocouples, connected to a recording thermometer (tele-thermometer, Yellow Springs Instrument Co., Inc., Yellow Springs, Ohio) were inserted in the rectum, taped to the tail, and maintained intrarectally for the duration of the experiment. The animals were kept in stocks, in a room maintained at 73°F., and their temperatures allowed to come to equilibrium for 2 to 3 hours prior to administration of polysaecharide. Animals with a baseline temperature of more than 103°F. were discarded. The polysaccharides, in sterile, pyrogen-free saline, were given intravenously in a volume of 1.0 ml.; for determination of the minimum pyrogenic dose (MPD) at least three fivefold increments were given to groups of 3 or more rabbits each. Temperatures were recorded at intervals of 30 minutes until they returned to normal. For each product, the average temperature increases were plotted against log dose on semilog paper; the dose-response relationship was represented by the straight line that best fitted these values. From the slope of this line the MPD, the quantity corresponding to a rise in temperature of I°F., was read.
T e m p e r a t u r e e l e v a t i o n was p r o d u c e d w i t h all t h e p o l y s a c c h a r i d e s ( T a b l e I). T h e v a l u e s for M P D fell in 3 categories: t h e b a c t e r i a l p o l y s a c c h a r i d e s were
effective at a level below 0.01 ~g.; the M P D for most tissue polysaccharides ranged between this quantity and 1/~g.; on the other hand, two of the three inactive polysaccharides gave a M P D of 40 ~g. The high pyrogenic activity of some of the mammalian tissue polysaccharides was noteworthy. No consistent differences from the bacterial agents were observed in the time of onset of fever, the rate of its rise, or its duration.
Induced Tolerance to Pyrogenic Action.--Rabbits given daily intravenous
injections of an appropriate amount of bacterial endotoxin rapidly develop tolerance to the pyrogenic action. The magnitude of the induced fever diminishes progressively, upon repeated injection, until a state of minimal temperature response is reached after a week or 10 days (23). Rabbits rendered tolerant to an endotoxin derived from one bacterial species are also refractory to the pyrogenic action of endotoxins from immunologically unrelated Gram-negative bacteria.
That animals may be made tolerant to the pyrogenic effect of the tissue polysaccharides is shown in Fig. 1 . I n these experiments, rabbits were given a series of 8 daily intravenous injections of a tissue, or of a bacterial, polysaccharide in a dose sufficient to yield a major temperature response, viz.: kidney, 20/~g.; sarcoma-37, 10 ~g.; S. typkosa, 5/~g. The comparative patterns of temperature response are shown for individual animals after the 1st and 8th injection.
With each of the 3 polysaccharides tested, the series of 8 daily injections resulted in a marked diminution in the height and duration of fever. On the 9th day each of these animals was challenged with a product other than the one which had been used to induce the tolerant state. The challenge dose of kidney polysaccharide was 20/~g. and that of S-37 was 10 ~g.; these were the same amounts that had been employed for induction of tolerance. The typhoid product was given at 1/~g., an amount one-fifth the dose used to develop tolerance.
The challenge experiments showed that the tolerance developed with tissue polysaccharides extended to a bacterial product and vice versa. Other animals rendered tolerant to these two tissue polysaccharides were only partially resistant to a larger challenge dose of the S. typhosa polysaccharide, i.e., 5 #g.
In a separate experiment 6 rabbits were each given 50/~g. of Bryonia polysaccharide daily for 8 days. All became refractory to the pyrogenic action of this substance. Three of these rabbits were then challenged with a different polysaccharide, viz; kidney (20/~g.), S-37 (10 ~g.), and typhoid (1 #g.) respectively; all developed marked progenic responses. Since a limited degree of induced resistance might have been overcome by these challenge doses, the remaining rabbits were challenged with one-fifth the above dose of these same 3 products; i. e., 4, 2, Fro. 1. Tolerance to the pyrogenic effect of tissue polysaccharides. The daily dosage of polysaccharides employed for the induction of tolerance was as follows: S-37, 10 ~ug.; kidney, 20 gg.; S. typhosa, 5/~g. The quantities employed for challenge were: S-37, 10 #g.; kidney, 20 l~g.; S. typhosa, 1 #g. Each horizontal series of fever patterns illustrates the findings in an individual rabbit. and 0.2 #g. respectively. All gave pyrogenic responses indistinguishable from those which they produced in normal rabbits.
F E V E R P A T T E R N S
Thus, the tolerance which developed to this plant polysaccharide did not extend to mammalian or bacterial polysaccharides.
Leucocytic Changes.3--As with bacterial products an early leucopenia followed by leucocytosis was noted after the administration of the tissue polysaccharides, 
3~
ection.
It was not feasible to examine in detail the leucocytic alterations in the many animals given various amounts of the polysaccharides. However, information on the comparative magnitude of the leucocytic changes, for at least one dose level, was obtained by administration to rabbits of each product in an amount approximately 50 times the MPD. The temperature changes were followed at 15 minute intervals. Total leucocyte counts in circulating blood were made at 20 minute intervals during the first 3 hours following injection, and at more widely spaced intervals thereafter, until the temperature and leucocyte count had returned to the normal range.
3 The stimulation of migration of leucocytes in vitro by Gram-negative bacteria and their products has been found by Meier and Sch~r to be attributable to the polysaccharides which they contain. Those derived from Proteus and Shigel~, and the Serratia polysaccharide employed in the present investigation, were highly active (24) . Recently, in a more extensive examination of polysaccharides from diverse sources, these investigators found that preparations from normal organs and tumors of the mouse, used in the present work, were also active in high diintion (25) .
Like the bacterial endotoxins, the tissue polysaccharides can evoke the leucopenia and leucocytosis associated with pyrexia. These leucocytic alterations, presented in Table II , indicate that among the active products there was uniformity in the magnitude of these effects and in the interval between polysaccharide injection and attainment of the maximum change. The over-all leucocytic changes produced by the active tissue polysaccharides and by the bacterial products were similar.
Local Skwart~rnan Reaction. Preparatory Activity.-
New Zealand white does weighing approximately 2 kg., all bred at the National Institutes of Health, were employed; a high percentage of these inbred rabbits was found to be responsive to induction of the local Shwartznmn reaction. Since it is well known that, even amongst a single stock, individual animals are encountered which are refractory to the induction of local skin reactivity, each animal was checked, in an additional site, for responsiveness to a product of known potency. The preparatory intradermal injections, in the shaved abdominal skin, were given as follows: each rabbit, in different sites, received 3 or 4 graded doses of a series of 0.5 log dilutions of the polysaccharide under test; in an additional site, 20 t~g. of an S. typhosa polysaccharide of known preparatory potency was injected as a control on the reactivity of the particular animal A minimum of 4 rabbits was employed for each product.
Twenty hours later the animals received, intravenousiy, 20 #g. of the S. typhosa polysaccharide, a dose previously established (26) as highly effective in provoking this reaction; the reIults were read 6 and 18 hours later.
For classification as a minimum positive reaction, involvement of an area of at least I square centimeter was required. In no case did the tissue products yield the characteristic response when the S. typkosa control site was negative.
On the other hand, some polysaccharides were consistently negative in rabbits in which the control material gave the usual positive reaction. Comparison of the dose levels of the various materials required to prepare the skin of rabbits for provocation by the S. typhosa polysaccharide is shown in Table III. As usual, the larger the preparatory dose the greater was the proportion of animals which developed hemorrhagic reactions. Two preparations were inactive at 1000 #g., and one showed activity only at the higher dose levels. On the other hand, the other 7 tissue polysaccharides all exhibited preparatory potency at 100 ~g. or less. The amounts of the bacterial preparations required, while different from each other, were smaller.
Local Shwartzman Reaction. Provocative Activity.--For assaying provocative potency, the aforementioned procedure was followed except that the provocative agent was the polysaccharide under test instead of the S. typhosa polysaccharide.
Interpretation of the results was unequivocal when the sites which had received the S. typhosa and the test polysaccharide reacted. The intravenously administered polysaccharide was considered to have provocative potency whenever the site prepared with the typhosa polysaccharide was hemorrhagic, even though the intradermal sites prepared with the same tissue polysaccharide may have failed to respond. On the other hand, interpretation of the findings was uncertain when none of the prepared sites responded: either the animal was refractory; or the 1000 #g. dose of the intravenously administered polysaccharide was inactive as a provoking agent. Since reactivity had been found to be consistently exhibited by about 80 per cent of this stock of animals, absence of reaction in all of 6 rabbits to 1,000 #g. of a product was taken as evidence for lack of provocative activity. Table IV summarizes the responses of rabbits to an intravenous provocative dose of the tissue polysaccharides after intradermal preparation with both the test polysaccharide and a reference bacterial preparation. The same 2 products which had shown no preparatory potency also failed to exhibit pro- ected intravenously 20 hours vocative activity; the product least active intradermally also showed no provocative potency. Two preparations showed some provocative activity, but only at the highest dose; with the other 5 mammalian products, more animals responded at the higher dose levels. As in the preparatory tests the bacterial products had the highest potency. Generalized Shwartzman Reaction.--Attempts were made to induce the generalized Shwartzman phenomenon with the tissue and bacterial polysaccharides.
In these tests young New Zealand white rabbits from two different suppliers were utilized. The products were administered either as 2 intravenous injections given 12 hours apart, or as a single intravenous injection in cortisone-treated rabbits (27) . With dosage of 300 to 1000 pg of the tissue polysaccharides, and of 10 to 500 •g of the bacterial preparations, renal cortical necrosis, the lesion considered characteristic of the generalized Shwartzman reaction, was consistently absent. Wide variation in the capacity of rabbits to respond with this particular lesion to the administration of endotoxins had also been previously experienced (26) . In the present experience, none of some 70 animals exhibited this characteristic reaction even though the materials used included 2 bacterial products which had been found, in earlier work, to be effective in eliciting this reaction.
These results indicate that rabbits refractory to this reaction are encountered more frequently than is sometimes reported.
Induced Hemorrhagic-Necrosis in Tumors.--Tumor-damaging potency was determined with a modification (28) of a previously described method (29) . * Preparatory agents were the same as the provocative agent in each case; graded doses were given in 3 or more sites. In addition, as a control, 20/~g. of S. typhosa polysaccharide was injected in a separate site.
~; The fractions designate the number of rabbits with induced hemorrhagic reaction/total number of rabbits tested.
§ The provocative dose for this group was 20/~g. Sarcoma 37 was implanted in the thigh muscle of CAFI mice; 6 days later they were randomly distributed in groups of 10 each. One group was untreated and served for control of the state of the tumors as regards spontaneous hemorrhage and necrosis. 0u the 6th day of tumor growth each group was given, intraperitoneally, an appropriate amount of polFsaccharide. The animals were autopsied the following day, and the tumors cut open and examined in the gross for induced hemorrhage. Sections were fixed for microscopic examination only when desired for special reasons, inasmuch as study in this Laboratory of thousands of fixed tumors in previous years had established the validity of the gross observations for this purpose. The values for ED60 were read from the slope of dose-response obtained by plotting the percentage of mice with induced tumor damage, as probits, against log dose of polysaccharide.
Inasmuch as the data on tumor-necrotizing potency of these materials, which had served as the basis for their selection, had been obtained in different experiments over a period of time, their relative activities were compared in a single large experiment. A second large experiment was then conducted at the higher or lower dose levels indicated by the results. The combined data are summarized in Table V . These findings, i n accord with those of earlier work (21) , showed that 9 of the 12 products were active. The dose required for inducing tumor damage varied from 1 #g. to 250 #g. per mouse; ED60 for the mouse tissue polysaccharldes ranged between 12 and 70 #g. Thomas (30) that, in animals treated with endotoxin, epinephrine becomes a potent necrotizing agent.
Dermal Hemorrhagic Necrosis with E p i n e p k r i n e . --I t was recently reported by
Lesions of local hemorrhagic necrosis were produeed in rabbits when epinephrine was injected into the skin within 4 hours after intravenous injection of any of a number of bacterial endotoxins. In the present work it was found that tissue polysaccharides also induced this necrotizing effect of epinephrine. Groups of 2 or more rabbits each were injected intravenously with 250 #g. of the tissue polysacchaddes; the Sen'. rnarcescens and S. typhosa products were given at 50 and 10 #g. respectively. One hour later each animal was given intradermal injections of 100 and 10 #g. of epinephrine in two separate sites on the shaved abdominal skin. The reactions were read 6 and 24 hours later.
Extensive hemorrhagic reactions were provoked in the injected skin sites by all the products except those from rabbit abdominal skin, chick embryo skin, and tangerine pectin. Subsequently these 3 products were retested in amounts of 250 and 1000 #g., and again they failed to evoke any dermal reaction to epinephrine. Mouse kidney, S-37 and Bryonia polysaccharides were retested at 100 and at 50/zg.; at these reduced dose levels the kidney and S-37 preparations were still effective in eliciting the epinephrine reaction, while the Bryonia preparation was ineffective. Enhancement of Antibody Prodnction.--The administration of endotoxins in conjunction with protein antigens has been shown to augment greatly the level of antibody produced in response to this category of antigen (31, 32) . In the present work, evidence was obtained that tissue polysaccharides can exert a similar effect. The elevation of antibody response of rabbits to diphtheria toxoid by one bacterial and two mammalian polysaccharides is shown in Table  VI . In those animals that received the Sarcoma 37 or mouse kidney polysaccharides in conjunction with the immunizing injections of diphtheria toxoid, the levels of antitoxin developed were 3 to 5 times greater than the level in control rabbits given diphtheria toxoid alone. This enhancing action was less marked than that obtained with the bacterial polysaccharide but was nonetheless sufficient to indicate that these mammalian polysaccharides also are capable of bringing about this increase in antibody formation to a protein antigen.
Lethal Effect.--One of the attributes considered characteristic of bacterial endotoxins is high toxicity for laboratory animals, with attendant lethality, at low dosage in a single injection. Endotoxins have indeed been prepared, from some organisms at least, by methods which yielded highly toxic products; such findings were in accord with the foregoing popular concept. On the other hand, it is not an uncommon experience that polysaccharides isolated from Gram-negative bacteria may have the properties of endotoxins without being particularly lethal at low dose levels. Similarly, in the present study with tissue polysaccharides, a relatively large amount was required for a single intravenous injection to kill rabbits, the species of laboratory animal considered most sensitive to the lethal action of endotoxins. With the exception of the sarcoma polysaccharide, most of the preparations were tolerated at an intravenous dose of 1,000 t~g. For this reason the limited supply of these polysaccharides precluded determination in mammals of lethality with a single injection.
Since it has been shown by Smith and Thomas (33) that 10-day-old chick embryos are highly susceptible to the lethal action of bacterial endotoxins deposited upon the chorioallantoic membrane, the lethality of bacterial polysaccharides for embryos of the White Leghorn Elder strain was determined and was readily confirmed. The polysaccharide from S. typkosa killed at 1 ~g. or less, while that from Serf. marcescens killed only when the dose was increased to 100 to 300 ~g.; other bacterial polysaccharides were also found to vary widely as regards the amount required. Among the tissue products, the polysaccharides from sarcoma, carcinoma, kidney, and stomach were lethal, but only at dose levels of 300 to 1,000 #g.
While this work was in progress it was reported (34) that an initial intravenous dose of endotoxin induced in rabbits an increased sensitivity to a subsequent injection, so that a second dose given 1 hour later resulted in death, even though the total of both doses was not lethal when given as a single injection. In the light of these findings other techniques of administration of these substances were explored in rabbits. In confirmation of the aforementioned report, four of the tissue polysaccharides (mouse lung, kidney, stomach, and carcinoma) proved lethal when given as 2 intravenous injections of 250 #g. each, 1 hour apart; in contrast, a dose of 1,000 #g. was tolerated when given in a single intravenous injection. Furthermore, administration by continuous intravenous drip over a period of 1 or 2 hours was lethal with doses much smaller than that tolerated as a single intravenous injection (35) . Rabbits given tissue polysaccharides by continuous drip usually exhibited progressive leucopenia, hypothermia, and cyanosis of the ears, nose, and lips during the course of the administration. Even while the polysaccharide was still being introduced some animals evinced respiratory difficulty, muscular weakness, collapse and death; in others, terminal collapse occurred 3 to 18 hours later. DISCUSSION This study shows that certain polysaccharides derived from mammalian and plant sources evoke in the host a variety of disturbances such as fever, leucocytic changes, the Shwartzman phenomenon, tumor damage and, at sufficiently high dosage, fatal collapse. This combination of effects has heretofore been considered to be elicited uniquely by bacterial endotoxins.
The demonstration that many of the polysaccharides, which we had isolated from a wide variety of plant and animal tissues, could induce damage in Sarcoma 37 showed that, in this respect, they resembled bacterial endotoxins; with some of these active polysaccharides, the similarity was further extended in pilot experiments which revealed that they also induced fever and the local Shwartzman reaction (13) (14) (15) . Our finding that administration of bacterial endotoxins causes a non-specific increase in resistance to infection (36) led us to examine many of the tissue polysaccharides for their activity in this regard. 4 The correlations found (22) between induction of tumor damage and increased resistance to infection were so striking as to justify a comprehensive comparison of tissue polysaccharides with representative bacterial polysaccharides. The magnitude of these comparisons precluded an investigation of all the tissue polysaccharides that had been prepared and, consequently, a selection of 10 was made on bases set forth earlier in this paper. All these results, present and previous, provide evidence that substances capable of eliciting these host responses are widely distributed in nature.
Since plants and animals ordinarily contain micro-organisms it is conceivable that the polysaccharide complexes obtained from their tissues might have originated from such micro-organisms or from others inadvertently introduced during the handling of the source materials. The ubiquity of pyrogens, their extremely high potency and the relative ease with which materials can be contaminated are well known. However, there are reasons for believing that the polysaccharides here described did not originate in this manner, e.g.: the initial step in the isolation was immersion of the tissue fragments in an aqueous solution (1.6 per cent trichloracetic acid and 5 per cent phenol) which is a fixative inimical to bacterial survival; the quantities of polysaccharide were greater than could be ascribed to bacterial contamination; and the method which yielded, consistently, polysaccharides of high potency from certain source materials also yielded, consistently, polysaccharides without such potency from other source materials.
The origin of the polysaccharide complexes isolated from mammalian tissues is unknown. Among the possibilities are: (a) they may represent storage of exogenous materials deriving from bacteria, food components, etc.; (b) they may represent accumulations of products resulting from prior tissue damage; or, more probably, (c) they may be constituents of host tissues. Work now in progress, on the isolation of polysaccharide complexes from organs of animals raised in a "germ-free" environment and from mammalian cells grown in sterile tissue culture, may help resolve this issue.
Throughout this work the biological activities of the host polysaccharides have been compared with endotoxic polysaccharides from S. ~yp/~sa and Serf. The selection of these two preparations carries no implication that they are regarded, in any way, as ".standards" for bacterial endotoxins. They were chosen because they possess the many characteristic attributes of the endotoxins of Gram-negative bacteria, because considerable information on their chemical and biological properties had already been accumulated, and because adequate supplies of well characterized preparations were on hand.
The reactions produced by certain host polysaccharides were, qualitatively, the same as those produced by the preparations of bacterial origin. The quantitative differences obtained in many instances were not unexpected inasmuch as such variation is known even among endotoxins isolated from Gram-negative bacteria. Thus, the final products, by identical methods of extraction and purification, have been found (38) to exhibit quantitative differences both in analytical values and in biological activities not only when the same technique was applied to bacteria of different genera, species, and strains but even to replicate preparations from the same strain. Moreover, in the present study the potencies exhibited by the two bacterial polysaccharides also varied widely in some of the reactions. On the whole, the potency of the bacterial polysaccharides was higher, in each of the reactions, than that of the host polysaccharides considered as a group; yet some of the host polysaccharides approached the potency of the bacterial products in tl~e induction of a number of these phenomena. It remains for future work to determine to what extent these quantitative differences, yielded by preparations from different sources, are a consequence of the isolation techniques or of intrinsic differences. Moreover, further chemical work is required to ascertain what differences in fine structure exist among preparations with the same biological properties.
The data on the response in the various reactions to different doses of any single preparations provided a gratifyingly consistent picture. Such reactions do not ordinarily yield data with the constancy and reproducibility of, for example, values for LD~0 of a bacterial exotoxin. It is well known that genetic factors and environmental influences affect the numerical values obtained in these complex biological reactions, even with a single preparation; precautions were therefore taken to minimize the variations. For example, in most of the work, large numbers of animals from a single source were employed in determining the biological response to administration, at the same time in the same set of experiments, of all the products under comparison.
As stated earlier, there have been reports on the production of one or another of the foregoing biological effects with preparations derived from tissues; in most cases information was not available on the chemical nature of the substance responsible for the effect. As regards pyrogens from tissues, the literature has been reviewed by Bennett and Beeson who reported that an extract of normal polymorphonuclear leucocytes of the rabbit was pyrogenic (39) , but that analogous extracts of parenchymatous tissues were inactive (40) . The quantity required to produce a sharp febrile response was derived from 400 million leucocytes; this amount of extract contained 750 #g. of protein and 54/~g. of polysaccharide. If the pyrogenic activity of such a preparation is to be ascribed to its polysaccharide content, more of the latter is required than of the isolated tissue polysaccharides. They observed that rabbits failed to develop tolerance after repeated injection of their material. In animals made resistant to bacterial pyrogens, cross-tolerance to the leucocytic pyrogen did not develop. Another pyrogen of mammalian origin is the factor which Menkin has extracted from acid inflammatory exudates (41) . Tolerance did not develop after repeated injections of this material. The chemical nature of the agent responsible for the pyrogenic potency of his preparations has not yet been definitely established.
Similarities in the biochemical reactions of bacteria and of cells from structurally more complex organisms have, increasingly, become evident; therefore it is reasonable that mammalian tissues should yield materials previously recognized only in bacteria. Nonetheless, demonstration that polysaccharide complexes derived from mammalian tissues have so many of the properties considered characteristic of endotoxins was initially unexpected. It might be viewed as a paradox that mammalian organs should contain substances which, after isolation, are highly potent in producing physiological disturbances in the species from which they are derived. However, preliminary evidence (21) indicates that "endotoxic" activities are manifest only when they are released from their native state of firm combination with other cellular components.
There are many kinds of injury which, when of sufficient severity, elicit in the mammalian host a syndrome with features in common with those produced by endotoxins. In the fatal outcome of shock, the theory has been advanced (42) that bacteria or bacterial products, ordinarily present, play a major role. However, the finding in mammalian tissues of materials with the biological properties of endotoxins suggests an additional or alternative mechanism. It is postulated that tissues, damaged in various ways, release endogenous polysaccharides in a form and in an amount which produce the series of host changes which characteristically follow severe injury.
Much remains to be learned about the origin, distribution, state of combination, and nature of these endogenous polysaccharides and about the factors which influence their reactions. No information is as yet available on whether these tissue polysaccharides possess antigenic properties, although it is reasonable to expect that they will be found to be antigenic. As stated earlier, interaction with the properdin system in vitro has been determined with a large proportion of the tissue polysaccharides prepared in this Laboratory. The same 10 polysaccharides which were investigated for the properties described in this paper were also examined for their effect on properdin levels in mice and for their influence on non-specific resistance to infection. The details of some of this work are presented in the following paper (43) which reports that those preparations which exhibited "endotoxic" activity likewise altered properdin levels and resistance in mice, while the others were consistently inactive in both studies.
In addition to the effect of endotoxins on tumors, and to the isolation from a series of malignant neoplasia of products with endotoxic properties, there are other facets of the role of polysaccharides in cancer. Some of the implications of our findings, in so far as they relate to the properdin system, are outlined in the following paper (43) . These and other considerations, with respect to various aspects of biology and medicine, are dealt with more fully in a separate communication (44) .
SU'M'MARY
Ten polysaccharides, isolated from various animal and plant sources, were selected for comparison with 2 bacterial polysaccharides, typical of Gramnegative endotoxins. The tissue sources were: mouse (kidney, liver, lung, stomach, Sarcoma 37, and Carcinoma 241-6); rabbit skin and chick embryo skin; and tangerine and Bryonia root. The bacterial endotoxins were those of S. typhosa and Serf. rnarcescens. Their relative potency was determined in inducing the following host effects: fever, tolerance to pyrogenic action, leucocytic changes, the Shwartzman reaction, damage to Sarcoma 37, dermal hemorrhagic-necrosis by epinephrine, enhancement of antibody production, and lethality.
Some of the polysaccharides were consistently active in all the host reactions studied; except for pyrogenic activity at high dosage, the other polysaccharides were consistently negative throughout. The mouse tissue polysaccharides elicited all the effects studied; in some instances their potency approached those of the bacterial polysaccharides.
It is pointed out that elicitation of the above array of biological phenomena, hitherto considered characteristic of bacterial endotoxins, can be obtained with polysaccharides from animal and plant tissues.
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